Our first investigations established the facts that the blood pressure and the vasoreflexl mechanism are not, as a rule, seriously impaired in pneumonia and that hearts from dogs dead of this disease contract normally when supplied with normal blood. In the course of these experiments it was often observed that the respiration failed before the circulation; if artificial respiration was provided, the heart would continue to beat sometimes an hour or more after spontaneous breathing had failed. We therefore resolved to compare the condition of the respiratory mechanism in healthy cats and dogs with its condition in animals infected with pneumonia.
A method devised by Haldane and his associates may be used for this purpose. When an animal breathes through a closed system of tubes, the carbon dioxide in the inspired air progressively increases. In normal animals, this increase in the carbon dioxide stimulates the respiratory center and causes a corresponding increase in the volume of the air passing in and out of the chest. Thus, in cats and dogs, when the carbon dioxide rises to 3 per cent, the volume of the air inspired is usually doubled. The condition of the respiratory mechanism may be measured by the volume of air breathed per minute as the carbon dioxide in the inspired air rises from 1 to 5 per cent.
It will be shown in this investigation that the reaction of the respiratory mechanism to carbon dioxide is greatly diminished in pneumonia.
Method.
Cats and dogs were employed, and ether was given in all procedures that might cause pain.
The organism used was the Bacillus pneumonice of Friedlinder obtained from the stock culture in the Bacteriological Laboratory 3 of the Harvard Medical School through the kindness of Dr. Sisson. This culture had been used for experimental pneumonia for 18 months or more. It was isolated originally by Dr. A. E. Steele from a patient in the Massachusetts General Hospital. The organism was passed through three guinea pigs to increase the virulence to such a degree that 1 cc. of a broth culture injected into the peritoneum killed a guinea pig in 12 hours. The virulence was maintained at this point by occasional passage through additional guinea pigs. Some months after beginning the research, the stock culture was rejuvenated by a bacillus from a case of Friedliinder's septicemia, for which we are indebted to Dr. Steele.
Pneumonia was produced by injecting into the trachea broth cultures incubated from 18 to 24 hours. The quantity injected varied; we found that 2 cc. per kilo of body weight caused death in dogs usually in about 30 hours. The dogs were given subcutaneously from 0.5 to 1.0 per cent of a 3 per cent solution of morphine sulphate, to lessen or prevent coughing. The culture was injected after the method of Lamar and Meltzer. 4 In cats, owing to the small size of the bronchus, the injection was made into the trachea near the bifurcation. 5 The course of the disease may be seen from the following protocols. Bacillus pneumonia, used as we have described, is practically always fatal. The fatal issue is almost invariably preceded by a characteristic fall in temperature. This fall is so constant as to form an admirable prognostic sign, of much value when it is desired to measure the respiratory reaction shortly before death. Thus it is possible to separate the animals into two groups, those whose tem-perature is above 37.5C. and those below this level. The latter animals were always near death.
The measurements to be presented in this investigation were made only on cats and dogs which afterwards died of pneumonia, and in which an autopsy showed the presence of typical consolidation. A portion of the apparatus employed is shown in Text- fig. 1 . The tracheal cannula of the animal in which the respiratory reaction was to be measured was joined to a rubber tube placed between two Tissot 6 valves connected in such a way that the animal breathed into a spirometer 7 and out of a bottle connected in its turn with the spirometer, so that the lungs, the spirometer, the bottle, and the connecting tubes formed a closed system. Evidently by this arrangement the volume of the air passing into and out of the chest was recorded by the spirometer, while the carbon dioxide exhaled by the animal constantly accumulated in the closed system. Samples of the air thus enriched with carbon dioxide were withdrawn at frequent intervals by the mercury tubes shown in Text- fig. 1 . As each sample was taken, a mark was made on the spirometer record above the time record (the electric time signal is not shown in Text- fig. 1 ). As the carbon dioxide in the respired air increased, the spirometer curve became deeper, until the maximum reaction was reached (Text- fig. 2 ). The spirometer was empirically graduated by recording the vertical rise of its writing point with each increase of 50 cc. in its contents. When the experiment was finished, the empirical graduation scale was used to measure the number of cubic centimeters breathed in the minute nearest the mark at which the air sample was withdrawn. The air in the sample was analyzed for carbon dioxide in a Haldane apparatus and the percentage written against the ventilation (Table  I) . Thus the cubic centimeters breathed per minute as the carbon fig. 3 , a curve results, expressing the reaction of the respiratory mechanism to increasing quantities of carbon dioxide. Upon this curve may be read the cubic centimeters breathed per minute at 1, 2, 3, 4, and 5 per cent of carbon dioxide. The data for Table II and Tables IV to XI were obtained in this way. . Volume of tidal air in two normal dogs; the upper curve without decerebration; the lower with decerebration. The data for the decerebrate curve are given in Table I . The numbers at the left of the figure give the percentile increase in tidal air; the numbers below give the per cent of carbon dioxide. In certain dogs, ether was used for some operation preliminary to the carbon dioxide test. Ether lowers the irritability of the respiratory mechanism. Thus in the experiment of April 13, 1916, a dog weighing 4.5 kilos was etherized and tracheotomized at 10.45 a.m. At 11.05 and at 11.20 a.m. the carbon dioxide reactions were measured. They were as shown in Table II . The depression of the respiratory mechanism from ether is very evident. Where ether is used, time must be allowed for its elimination.
It need hardly be said that before each experiment the spirometer, bottle, and connecting tubes were washed free of carbon dioxide, except that in room air. Since the method consists of a comparison of the volume breathed per minute in atmospheric air with that breathed when the air contains increasing quantities of carbon dioxide, it is important that the initial or atmospheric ventilation should be accurately recorded, and the animal must therefore be kept quiet. Ether is, of course, excluded, as we have already pointed out. It is known that morphine and chloral also depress the respiratory center. Urethane cannot be used, as is shown by the experiment recorded in Table III cubic centimeters breathed per minute when the carbon dioxide in the inspired air was 5 per cent had increased in the urethane cat only about 120 per cent, whereas, reference to Table VIII will show that the normal increase should be about 285 per cent.
Not being able to keep certain animals absolutely quiet with a drug that would not depress the respiratory center, we resorted in these cases to decerebration under ether anesthesia. The pons was divided by a seeker sufficiently blunt to prevent injury to the blood vessels. Time was allowed for elimination of the ether necessary to produce narcosis. Both the normal and the pneumonic cats were decerebrated. The normal dogs were also decerebrated, but the pneumonic dogs were measured after the disease had made them lethargic or comatose.
All the animals in which the respiratory function seemed injured by decerebration were excluded. As a rule, the respiration and circulation are wholly normal after decerebration. The animals often lived many hours after this operation. Cats lived several days. Nevertheless, it seemed desirable to make sure by a quantitative test that decerebration did not depress the respiratory mechanism. An additional reason was that no one, as far as we are aware, had previously measured the carbon dioxide reaction in a normal or in a decerebrate dog. On April 13, 1916, we accordingly measured the carbon dioxide reaction in a dog wholly normal except for a tracheotomy tube. The increases in tidal air as the inspired carbon dioxide rose from 1 to 5 per cent were 18, 56, 118, 190 , and 302 per cent, respectively. These are compared in Table IV with the averages   TABLE IV obtained from normal decerebrate dogs. It is obvious that decerebration does not impair the reaction of the respiratory mechanism to carbon dioxide.
We pass now to a general criticism which at first seems important but which upon reflection is easily proved fallacious. Since the volume of the tidal air in animals with pneumonia is often greater than the tidal air in normal animals, it might be supposed that pneumonia animals do not increase their respiration when stimulated by carbon dioxide because they are already breathing as much as they can. That this is not a source of error is demonstrated by comparing the average carbon dioxide reaction of animals whose tidal air at the beginning of the observation has in every case approximately the same volume. When the carbon dioxide in the inspired air was 2 per cent:
Thus the tidal air in both groups was practically equal in volume.
When the carbon dioxide in the inspired air rose to 4 per cent, the same Thus at 2 per cent the pneumonia cats and the normal cats breathed alike, while at 4 per cent the pneumonia cats had increased less than half as much as the normal cats.
The detailed observations of the four normal and four pneumonic cats are set forth in Table V . * Cat 25 died at the close of this experiment; the observation was excluded from our final results (Table IX) because it was so favorable to our contention.
Similar results were obtained with dogs. Three dogs, with marked symptoms of pneumonia, breathed atmospheric air at the average rate of about 5,000 cc. per minute; at 5 per cent of carbon dioxide, they increased the air inspired per minute by 85 per cent. Three normal dogs also breathed about 5,000 cc. per minute; at 5 per cent of carbon dioxide the normal dogs increased the air inspired by 216 per cent. The data for these dogs, three normal and three very ill with pneumonia, are found in Table VI. Additional evidence that the failure of the respiratory mechanism in pneumonia is not due to the encroachment on the respiratory space in the lung is found in the observation that the area of consolidation may remain unchanged while the impairment of the respiratory mechanism increases progressively. The respiratory distress increases while the percussion dullness does not extend.
Moreover, if the failure to react were due to the loss of respiratory space from consolidation of the lung, large consolidations should be accompanied by a large reduction in the carbon dioxide reaction, and small consolidations by small reductions. This is not the case; there is no parallel between the area of consolidation and the amount of the reaction.
Similar evidence may be obtained by injecting starch into the lungs. We have by such injections solidified areas as large as those consolidated in bacterial pneumonia, but in these starch pneumonias the carbon dioxide reaction was almost normal. The details of these experiments are presented in Table VII . Again, evidence against a mechanical explanation of the observed depression of the respiratory mechanism is afforded by the measurements obtained by Dr. Means from a case of artificial pneumothorax. In this patient, a woman, the x-ray showed a nearly complete collapse of the left lung, from an operation 2 years before this examination. The vital capacity, which had been 2.1 liters before pneumothorax was produced, had fallen to 1.3 liters. The average of two determinations was an increase in total ventilation of 115 per cent when breathing 5 per cent carbon dioxide, and 162 per cent when breathing 6 per cent. A reference to Peabody's 8 results will show that this is normal.
Finally, we call attention to the fact that as the disease advances, the carbon dioxide reaction diminishes. If this were due to an increase in the volume of air breathed per minute at the beginning of each successive test, this initial volume should be greater as the carbon dioxide reaction falls off, but the contrary is the case; the initial ventilation lessens with the lessening of the reaction. Dog 6 is an example of this observation.
Experiment.
Hrs. before death. We conclude therefore that our method cannot be impugned on the ground of a lessening of respiratory space in the pneumonic lung.
The Reaction of the Respiratory Mechanism in Pneumonic Cats and
Dogs. It is clear that the reaction of the respiratory mechanism to carbon dioxide is greatly diminished.
The greatly impaired reaction of the respiratory mechanism in pneumonia is shown also by a comparison of the normal reaction with (a) that of cats moderately ill with pneumonia and (b) that of cats near death with this disease. When the carbon dioxide in the inspired air rose to 3 per cent the volume of the tidal air increased: These observations are shown graphically in Text- fig. 4 . Text- fig. 5 reproduces the spirometer curves of a normal and a pneumonic dog. . The increase in tidal air in normal decerebrate dogs (upper. most curve), in pneumonic dogs with temperature above 37.5°C. (middle curve), and in pneumonic dogs with temperature 37.5°C. and below (lowest curve). The numbers at the left give the percentile increase in tidal air; the numbers below give the per cent of carbon dioxide. The data for these curves are the averages in Tables X and XI. It will be noted that the pneumonic dogs are divided into those moderately ill (rectal temperature above 37.5 0 C.) and those gravely ill (temperature 37.5C. or less). The result of the disease is clearly seen by a comparison of the reactions of these groups when the inspired air contained 5 per cent of carbon dioxide. The progressive loss of the respiratory reaction in pneumonia is well shown by the observations made on Dog 9, 8, 4, 2, and hours before death.
